(Received for publication April 8, 1942) The most common serious reaction encountered in the conduct of artificially produced fever therapy is a state of collapse which may appear at any time during the treatment. In 1100 treatments given in our clinic between 1930 and 1937, there was a 1 per cent mortality, and many other serious collapse reactions which were in some way concerned with the water and salt excretion and intake during the treatment. Some of the patients in the early period lost from 3 to 5 kgm. in body weight during short treatments of 5 hours, while others lost little or no weight during prolonged treatments (10 to 27 hours) at 41.50 C. Later in this period, when the water intake was better adjusted and sodium chloride administration was included during treatment, the loss in weight was reduced, and the collapse state was less often encountered. Yet it still occurred at odd times in the year and in a curious sequence of cases. It bore no relation to the disease for which the patient was being treated nor to the length of treatment administered, and often occurred in what ordinarily would be termed a "perfectly healthy young adult."
This collapse state has many of the "ear marks" of what is termed surgical or traumatic shock in that there is an absence of sweating and urine, pallor, cold extremities even with rectal temperatures of 41.5°C. or higher, fall in blood pressure and venous pressure, retardation of the skin capillary response to digital pressure, cyanosis, and coma. Fatal outcome may be precipitated by a maniacal state before the coma ensues. Caffeine and adrenalin are ineffective, and oxygen-carbon dioxide mixtures are only of temporary benefit. In the early stages, vomiting prevents the ingestion of water, although concentrated 2 to 25 per cent saline is occasionally tolerated and may resuscitate the patient. One or more liters of physiological saline injected intramuscularly are usually promptly effective if the collapse state is not too far advanced to prevent its absorption. In such a case, an intravenous injection of this volume must be given and injected slowly. Any intravenous technique for therapeutic administration or chemical data is a difficult maneuver when the information is most desired because the veins are usually collapsed or constricted in the collapse state. Furthermore, any manipulation excites the patient, with a resulting rise in temperature which further increases the precariousness of his situation. This hypersensitivity of the patient has prevented to a great extent any extensive study of his metabolic state. Thus, most data have to be obtained in almost a hit or miss fashion, as opportunity offers.
Alterations of the red blood cell count, hemoglobin (1 to 4), and hematocrit, while indicative of hemoconcentration, do not change significantly (greater than 10 per cent) until dehydration is well advanced. Other factors may influence these values, thus rendering them of little aid in the control of fever therapy cases (2, 5 to 9). Determination of the circulating blood volume (10) or the extravascular water volume (11) during a routine treatment is not a simple procedure and cannot be repeated at will.
The work of Gibson and co-workers (12, 13) has shown that a definite decrease of approximately 15 per cent in the circulating blood volume occurs during the induction of artificial fever when sweating is at its maximum. This volume may be decreased still further with resultant hemoconcentration if the water and electrolyte balance is not restored as treatment progresses (1, 14 to 21) . 471 From this brief summary, it can be seen that the uniformly safe performance of prolonged artificial fever at high temperatures has definite possibilities if some (22, 23) , rather than a gain in circulating protein from the body stores (24, 25) although some exchange can readily occur. It is difficult for us to believe that a negative nitrogen balance (26) occurs during the febrile state. Without evidence to the contrary, it is probable that the total quantity of circulating plasma protein remains fairly constant (27, 24, 25) during the treatment period. The plasma chloride and water, on the other hand, are subject to tremendous exchange through ingestion, excretion (sweat and urine), and exchange with the extracellular spaces (23, 37) . Total protein values indicate at least the trend of concentration of the blood, and over the short period required are thus a relative measure of what is happening to the circulating plasma volume. In turn, this is probably a reflection to some extent of the state of the interstitial store of fluid and electrolytes (28 to 30) .
The determination of the total protein is too unwieldy a procedure to be used as a quick, simple guide while treatment is underway and quick decisions must be made. The plasma specific gravity technique, done by the pyknometer gravimetric method (31) , on the other hand, is simple, rapid (10 to 15 minutes), and requires little blood.
The protein content has the greatest influence upon the specific weight of the plasma or serum. During the treatment, total protein elevations of 15 per cent (from 5.9 to 6.8 grams) will occur, and the chloride will change about 2 per cent (104 to 101 m. eq./L.), or less than the accuracy of both the chemical and specific gravity methods. This protein change represents a change in plasma specific gravity from 1.0243 to 1.0270.
Plasma specific gravity data have been consistently taken for the last 5 years and over 4500 determinations give a good catalogue of the normal and abnormal states encountered (Tables II  and III ). The ranges in Table I Judging by the plasma specific gravity standard, many patients are admitted to the hospital with their fluid stores near depletion. Failure to replenish this store by the administration of salt and water before treatment has resulted in the past in many cases of dehydration, even during short fever treatments. Therefore, in preparing a patient for fever treatment, it is advantageous to give 12 + = restlessmess, dry skin, low blood pressure, mild prostration. +++ =collapse as treatment ended; recovered, slight jaundice. All of these patients were cases of advanced paresis with a bad prognosis, and either would not have been accepted fcr treatment previous to 1941 because of the bad risk or would have been treated with the knowledge gained from previous experience that one or more deaths would ensue from collapse. The preliminary treatment at the lower temperature improved them enough to enable three of them (*) to tolerate the full treatment of 10 hours at 41.50 C. later.
treatment. Most of this water must be stored since the patient usually gains from 3 to 4 kilograms in weight over night, and the plasma specific gravity reading may drop 10 to 20 per cent. Longer periods of salt administration may produce catharsis and gastric irritation, or even some actual overhydration which may be accentuated during treatment unless fluids and salt are later restricted. Occasionally, the administration of 15 grams of salt and appropriate amounts of water over a 3-day period previous to treatment has resulted in a diuresis at the end of this time which has depleted the patient, just before treatment, of more water and salt than was stored. Thus, some patients were near overhydration at the start of treatment and others were actually dehydrated. Prolonged treatments at 41.50 C. are not feasible as a routine procedure without properly "filling" the body's store with salt and water, yet when the adjustment is properly done, such long treatments may be accomplished with surprising ease and safety.
Originally, plasma specific gravity measurements were made daily for 3 to 4 days prior to and following treatment, and as often as hourly during the course of the fever. Now, however, after one day of salt administration, usually of 15 grams, a determination is made immediately prior to the induction of a prolonged fever of 15 hours at 41.50 C., and another 5 to 7 hours after the beginning of treatment, and a third at the close of treatment. These 3 determinations are usually sufficient. If there is any abnormal change in the patient during or after fever, plasma specific gravity measurements are made as required.
During the process of treatment itself, 400 to 500 cc. of heavily sugared weak tea, dilute fruit juice or water are given per hour plus 1 gram of salt in 100 cc. of water per hour for the first 4 to 5 hours. Throughout the rest of the treatment, fluids are given at about the above rate but 1 gram of salt is given every other hour or not at all, as indicated by the plasma specific gravity readings. Unless otherwise indicated, all of the fluids and salt are given by mouth.
During the past 48 months, up to July 1942, 406 prolonged treatments employing the "radiant energy" cabinet have been guided by the plasma specific gravity measurements as determined by the pipette pyknometer method (31 (Table III) . In some instances, the administration of fluid has been overdone and a new syndrome of overhydration produced which, in many respects, causes symptoms resembling dehydration.
During the period of fever treatment it has been found that the patient's body fluid status, as indicated by the plasma specific gravity readings, may be divided into any one of 3 general groups:
1. The plasma specific gravity level may start at and be maintained well within the normal range of 1.0255 to 1.0290 by the proper fluid and salt administration.
2. The specific gravity levels may be already high or may rise during treatment, indicating that dehydration is present. This must be corrected or the treatment stopped if this trend persists or increases.
3. The plasma specific gravity may fall from the initial value, indicating plasma dilution. This may represent adequate or excessive fluid storage, in which situation, fluid and salt should be restricted.
Characteristic illustrations of these variations are presented in 3 classifications: (1) the well controlled or satisfactory group; (2) the dehydration group; and (3) the overhydration group.
SATISFACTORY GROUP
The criteria for classification within this group are: (1) tolerance of the patient to the therapy, with no marked irregularities of pulse, respiration, or blood pressure, and complete recovery by the following day. In cases treated routinely for periods varying from 5 to 18 hours at 41.50 C., the respirations may be from 20 to 40 per minute, the pulse 140 to 160 per minute. During the induction and the first hour of fever, the systolic blood pressure may rise 20 to 40 mm. Hg higher than at the start of treatment. During the latter part of therapy, the systolic pressure may fall to 100 or 120 mm. Hg and rarely goes lower than 20 mm. below the patient's normal blood pressure level. (2) Nausea, vomiting, or diarrhea are absent. The output of urine containing some sodium chloride continues at regular intervals. There is a "normal" amount of sweating although some patients sweat more profusely than others. Neither age, the disease for which the patient is being treated, nor any other obvious reasons seem to be related to the amount of sweating present. (3) The patient is able to sleep during most of the treatment without narcosis and with a minimum of restlessness when awake. (4) The plasma specific gravity is maintained in the normal range of 1.0255 to 1.0290. (5) In this group there were 369 treatments, or 91 per cent of the entire series.
Four selected cases have been chosen to demonstrate the various changes in plasma specific gravity which may occur during a satisfactory fever treatment at high temperatures. The large although variable maintenance requirements of both salt and water are of particular significance in estimating the needs of a case in order to prevent symptoms of advancing dehydration from any cause. The gain or loss in body weight, if any, can be about 2 kgm. without causing clinical symptoms or deflecting the plasma specific gravity out of the normal range. This weight loss is readjusted by the patient within a few days following treatment. The urine excretion varies between 1/4 and % of the fluid intake. The r6le of the sweat glands as an excretory organ of high order during fever thus becomes apparent.
Before the advent of sulfanilamide, fevers of 15 to 27 hours' duration at 41.50 C. were not unusual. A single prolonged fever is still often given for the treatment of refractory cases of gonorrhea (32, 34) , and is also being used in our clinic for the treatment of paresis, whenever feasible. Four selected cases of rheumatoid arthritis were given experimental 48-hour treatments at a temperature of 39.5°C. In these cases, where Case Number 4 ( Figure 4 ): A 48-year-old woman with infectious arthritis was given a 48-hour treatment at 39.50 C. Her intake over this period was 13,840 cc. of fluid and 29 grams of salt. The urinary output was 5460 cc. and there was no emesis. This case was very well controlled. Water and salt intake was reduced after 26 hours of treatment, and the plasma specific gravity rose to 1.0278 by the 34th hour. The fluids were therefore proportionally increased and a corresponding fall in plasma specific gravity was noted. The specific gravity level during the last 8 hours was near the optimum of 1.0255. That she was well hydrated and the interstitial reservoirs well filled was indicated not only by the plasma specific gravity levels but also by the continued sweating, urine output, and a normal blood pressure, and no weight loss. Her reactions are typical of 3 others similarly treated.
DEHYDRATION GROUP
The criteria for classification in this group are:
(1) The psychic intolerance of the patient to therapy, which increases dangerously if the dehydration state persists. Depending somewhat upon the rate of development of the dehydration state, the urine output diminishes and then ceases. Sweating stops. The patient may show fluctuations in the rate of pulse, respiration, and blood pressure. (2) If the dehydration is severe, the respirations increase and become shallow, cyanosis appears, the pulse rises to 160 or 170, and the systolic pressure begins to fall rather rapidly. The pulse pressure increases and may finally disappear. The developed an uncontrollable mania. His condition rapidly became critical with ensuing collapse and coma. Up to that point he had received 900 cc. of fluid and 1 gram of salt, the usual amount. There was then an emesis of 100 cc. followed by a sudden and complete cessation of sweating. The pulse became barely perceptible and the blood pressure could not be obtained. He was given 500 cc. of Ringer's solution subcutaneously and 1000 cc. intravenously but he expired 2 hours later, 7 hours after the start of treatment, and despite all efforts to revive him. At the 4th hour (even after some of the infusion fluid had been given), the plasma specific gravity was 1.0327. The collapse of this man was obviously precipitated by the onset of his maniacal state while he was in the lower and early stages of dehydration. Post mortem examination revealed no definite cause of death.
Cases Number 6 and 7 ( Figures 6 and 7 ): In February 1939, 2 cases were treated on the same day. Both were young men in good physical condition. They had both appeared in the Syphilis Clinic on the same day with acute primary and secondary lesions of syphilis. Both had temperatures varying from 38.00 C. to 38.50 C. and appeared moderately acutely ill. It was decided to treat them with fever, neither having had any chemotherapy. The day previous to treatment it was found that the plasma specific gravity levels of both men were in the high level for the normal range. Fluids were not well stored, probably because of their febrile condition and also perhaps because of the seasonal factor.
At about the time their induced fevers had reached 41.5°C., both patients showed what were ordinarily considered to be dangerously high plasma specific gravity levels. There was an immediate increase in the administration of fluid and salt for both patients. "S" responded fairly well clinically, but "R" failed to accept his fluids properly so the cabinet was opened at the 4th hour and 3 HHOUR AT 41.5C. The plasma specific gravity readings for both continued just above the normal range during this period. This would seem to indicate that their interstitial reservoirs were apparently near depletion, yet both of these patients had profuse sweating and appeared to react normally. "R" had a total intake of 9050 cc. and 17.5 grams of salt, with a urinary output of 950 cc. His blood pressure, pulse, and respirations were well sustained. Toward the end of treatment, he ceased sweating and treatment was stopped. He recovered promptly from the treatment without sequelae. "S" had a total intake of 8700 cc. and 16 grams of salt with a urinary output of 1185 cc. His clinical status also showed little variation from the normal. These cases indicate that even though undesirable levels are present, treatment may progress with caution as long as the plasma specific gravity levels are carefully followed.
Since these 2 cases not only continued to sweat but also had rather large volumes of urinary output, we were at a loss to explain fully their good condition at such high specific gravity levels. Assuming that a seasonal shift in n 480 the plasma specific gravity level had occurred, as suggested above, it may be that these patients were actually maintained on a narrower fluid reservoir margin at this period of the year. These 2 cases are good examples of several which have occurred during this period of the year.
OVERHYDRATION GROUP
The criteria for classification in this group are: (1) The psychic intolerance of the patient to therapy as long as the overhydration state persists. Irregularities of pulse, respiration, and blood pressure are noted. The respiration rate may increase and often becomes stertorous. The pulse may be rapid (120 to 160 per minute). The blood pressure may first rise to hypertensive levels and then as collapse ensues, it may fall below 80 mm. Hg systolic. (2) Nausea and vomiting appear rather early. Diarrhea may also be present. Strangely enough, the urine is first as copious as is the diaphoresis but as the overhydration state becomes more extreme, the renal mechanism fails and sweating ceases. The skin may be very dry, with no evidence of perspiration in any area. The extremities are cold and blue, and the patient actually appears dehydrated. (3) Early in the overhydration state, there is no evidence of gross edema. As the state becomes more severe, however, puffiness is noted about the face and eyes, and gross edema appears which may even become general, involving the ankles, legs, sacrum, and arms. (4) The patient becomes restless, irritable, and emotionally unstable. Later, muscular twitchings, athetoid movements of the arms and legs (not tetany) may appear. In the advanced states of overhydration, severe and almost continuous grand mal seizures are present. It may be necessary to administer intravenous Evipal to stop these serious seizures, as is done for the mania accompanying dehydration states. The body temperature should be reduced as quickly as possible, since below 400 C. these central nervous system phenomena usually disappear without the aid of anesthesia. Recovery after treatment is slow, for the patient is in a "water logged" state. Mental confusion and irritability often last for 2 to 7 days. This is frequently accompanied by a spontaneous fever of several degrees. These mental symptoms have not been observed in patients who are dehydrated. (5) The gain in weight may be as much as 5 or 6 kgm. which are later lost by diuresis. (6) The plasma specific gravity measurements in these cases of overhydration are below 1.0245. A rapid drop from high normal to this level may present some symptoms. The plasma specific gravity trends show very early any tendency to overhydration. Thus, the serious overloading of the system with salt and water may be avoided. This measurement is of great aid in differentiating between overhydration collapse and dehydration collapse. In fact, in cases where sweating is absent, this may be the only means of differentiating between 15 Case Number 9 ( Figure 9 ): A 21-year-old female with chorea was given 11 hours of fever at 41.50 C. She received a total of 4300 cc. of fluid and 9 grams of salt over this period of time. Her urinary output was 365 cc., which was unusually scant as compared with the large intake. Sweating was only moderate. Here also, specific gravity readings were not yet used to govern the fluid intake, and from the 7th to the 13th hours, the plasma specific gravity dropped from 1.0237 to 1.0212. In this case, the patient had gross edema, with swelling of the face and eyelids, and pitting edema of the sacrum and legs, indicating that fluids had been forced beyond the body needs. This incident was in accord with the findings of Baird and Haldane (35) who showed that the administration of sodium chloride in excess of the ability to excrete it produced visible edema. Other than the waterlogging, her course was favorable. There was some postfever nausea and vomiting, and she did seem somewhat more exhausted by the fever treatment than does the average well-controlled case. 4W gravity values were consistently higher than previously, and that individuals were encountered during these months who could not be "properly" hydrated prior to artificial fever therapy. It was during these months that Cases 7 and 8, discussed under the dehydrated group, were encountered. Representative averages for the last 4 years of normal cases and observations before and after fever treatment have been plotted in Figure 10 . It may be seen that a definite change in the level is established during the late winter months. In Figure 11 ), observed and treated in September and again in February, there is noted a decided shift of the plasma specific gravity levels. This illustrates an observation noted many times in the same individual receiving fever therapy in two different seasons of the year. Bazett et al. (34) has reported differences in blood volume in summer and winter. Barcroft et al. (4) , by means of the carbon monoxide method of blood volume measurement, showed an average increase of 10 to 25 per cent in blood volume in subjects who travelled from England through the tropics. We conducted several preliminary experiments in which the room temperatures and humidity were elevated to "summer levels" for short periods of 3 to 5 days during the winter. The storage of water was less than 1 per cent and the changes were not in accordance with the magnitudes reported by Bazett (36) . The significance of a seasonal variation in hydration is not well understood although it probably is related in some way to the dry cold part of our winter. However, if one is mindful that such a change can take place, certain dangers in fluid management can be eliminated.
SUMMARY
The incidence of collapse during artificial fever therapy can be greatly reduced by judicious replacement of water and sodium chloride lost in sweat.
The development of collapse is found to be associated with dehydration and, occasionally, overhydration of the blood plasma.
The symptoms accompanying both of these states resemble those of traumatic shock; pallor, cold extremities, and high body temperature, absence of sweating and urinary excretion, mania or unconsciousness.
There is therefore need for a guide to control the water and salt intake. This is satisfactorily provided by measurement of plasma specific gravity. This easily obtainable datum dependably forecasts the development of collapse and is therefore an extremely important item of procedure in artificial fever therapy.
